To determine patient characteristics associated with isoniazid resistance in cases of tuberculous meningitis, we conducted a cross-sectional study by using data from the US National Tuberculosis Surveillance System during 1993-2005. Foreign-born patients were more likely to be infected with an isoniazid-resistant strain.
T he mortality rate for tuberculous meningitis (TBM) is higher than other forms of tuberculosis (TB), and survivors are often left with severe neurologic disability (1) . We have recently shown that infection with isoniazidresistant (rifampin-susceptible) Mycobacterium tuberculosis was associated with a 2-fold increase in the odds of death during therapy among patients with TBM who had positive cerebrospinal fl uid (CSF) cultures, compared with patients with isoniazid-susceptible cases (2) . When patients have a history of TB, clinicians may consider treatment history and drug susceptibilities in choosing empiric therapy (3) . In contrast, little guidance is available to the clinician in the selection of an empiric regimen for patients without a history of treatment. Given that host and pathogen genotypes have been found to jointly infl uence the propensity of M. tuberculosis to cause meningeal infection, the epidemiology of isoniazid-resistant TBM may be different for meningeal and nonmeningeal forms of TB (4) . We sought to determine the patient characteristics independently associated with isoniazid resistance on initial susceptibility testing among patients with TBM in the United States.
The Study
We performed a cross-sectional study of clinical and demographic factors associated with isoniazid resistance on initial susceptibility testing in patients with TBM by using data from the United States National Tuberculosis Surveillance System. We examined data on all TB cases reported from January 1, 1993, through December 31, 2005. Patients were included if a clinical diagnosis of meningitis was made, positive cultures for M. tuberculosis were obtained from CSF, and results of any initial drug susceptibility testing were recorded. To study factors associated with isoniazid resistance in patients without a treatment history, we excluded patients with a previous diagnosis of TB. We also excluded patients with multidrugresistant disease on the basis of evidence for differences in the epidemiology of isoniazid-resistant (rifampinsusceptible) and multidrug-resistant TB (5) .
Differences in characteristics between the isoniazidresistant and isoniazid-susceptible groups were assessed by using χ 2 test and were selected for evaluation in a multivariable logistic regression model if unadjusted analysis demonstrated an association (p<0.25). An odds ratio (OR) for the association between a patient characteristic and initial isoniazid resistance was determined, along with its associated 95% confi dence interval (CI). Multiple imputation was used to account for missing observations and permit complete data methods for analysis, under the assumption that missing data followed a missing-at-random pattern (6) . Likelihood ratio testing was used to compare nested models, and the Akaike Information Criteria were used to compare non-nested models.
During 1993-2005, a total of 1,649 patients had a diagnosis of TBM, no previous history of TB, positive CSF cultures, and initial drug susceptibility testing. Of these 1,649 patients, 234 patients (14%) were infected with an isolate resistant to at least 1 fi rst-line agent (isoniazid, rifampin, ethambutol, pyrazinamide, or streptomycin). Overall, 133 of 1,649 (8%) patients were infected with an isolate resistant to at least isoniazid.
After we excluded 11 patients without susceptibility testing results for isoniazid and 24 patients with multidrugresistant disease, we compared 109 patients with at least isoniazid-resistant disease with 1,505 patients with isoniazid-susceptible disease. Unadjusted associations of clinical and demographic characteristics with initial isoniazid resistance are shown in Table 1 . Foreign-born patients were more likely than US-born patients to have isoniazid-resistant disease, with an OR of 2.53 (95% CI 1.66-3.88). Overall, 849 of 1,614 (53%) patients in the primary analysis had a known HIV status, and 765 of 1,614 (47%) patients had unknown HIV status. Of the patients with known HIV status, 362 of 849 (43%) were HIV positive, and 487 of 849 were HIV negative (57%). HIV infection was not associated with initial isoniazid resistance (OR 1.10, 95% CI 0.62-1.95). Among HIVpositive patients, the association between foreign birth and initial isoniazid resistance was 3.05 (95% CI 1.54-6.06), and among HIV-negative patients it was 1.60 (95% CI 0.70-3.65). Based on unadjusted analyses, the multivariable model included age, race, residence in a long-term care facility, and foreign birth. Only foreign birth remained independently associated with initial isoniazid resistance ( for foreign-born patients, accounting for 20 of 69 foreignborn patients with isoniazid-resistant disease. Countries in Asia accounted for 7 of 9 countries with >2 cases of isoniazid-resistant TBM (Figure) .
Conclusions
In this national cohort of patients with TBM, initial isoniazid resistance was more commonly seen in patients born outside the United States. In an earlier study of all forms of isoniazid monoresistant TB in the United States, foreign birth was also found to be a signifi cant risk factor (5). Although we excluded patients with a diagnosis of TB, clinicians may have been unaware of a patient's previous episode of TB that was treated before their arrival in the United States. Foreign-born patients may also have emigrated from countries with a higher prevalence of isoniazid resistance among newly diagnosed cases. Initial isoniazid resistance was also uncommon in persons >64 years of age. Older persons may have been exposed to TB antecedent to the use of isoniazid in treatment regimens, leading to reactivation with a drug-susceptible strain.
HIV infection is associated not only with increased risk for progression to active TB, but also an increased risk for extrapulmonary involvement among patients with active cases, including an increased risk for TBM (7) . However, we did not see an association between HIV and initial isoniazid resistance among persons with known HIV status (p = 0.73), and the strength of the association between foreign birth and initial isoniazid resistance was not signifi cantly modifi ed by the presence of HIV infection. Similar to our fi ndings, a lack of association between HIV and isoniazid resistance was seen in all cases of TB in the United States (with 13% known HIV positive) and the United Kingdom (with 5% known HIV positive) (5, 8) .
HIV status was missing for 47% of patients with TBM during the study period. For all states except California, reporting of HIV status to the National Tuberculosis Surveillance System increased from 36% in 1993 to 79% in 2008 (9) . California reported only patients matched to the California AIDS registry during 1993-2004 as HIV positive. All other California patients are missing HIV status.
This study had several other limitations. Individual MIC levels for isoniazid were unavailable, and reporting does not distinguish between low-level and high-level resistance. Although we excluded patients with a history of TB, we were unable to identify patients previously treated for latent TB, which was shown to be associated with isoniazid monoresistance in patients for whom active TB subsequently developed (10). In conclusion, foreignborn persons with TBM who seek care in the United States were more likely to be infected with an isoniazid-resistant strain of M. tuberculosis compared with US-born persons, and persons >64 years of age were less likely to have an isoniazid-resistant infection than were persons 25-34 years of age. Prospective studies are needed to determine whether individual patient characteristics can guide the selection of TBM therapies and lead to an improvement in clinical outcomes. 
